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ct
~.capacitance rings, ‘During reassemdbly after cleaning

INTRODUCTION

Besides covering the work accomplished during the fourth
qQuarterly reporting period, this report summarizes the activity
of the first three quarterly reporting perlods, thus represent-
ing a review of the tasks performed dvring the first year of
the contract, ‘ |

The following abstract is restricted to the work performed
during the fourth reporting period.

ABSTRACT

Accelerometer M-225 was repullt with new springs whereby the
Scotchweld EC-2253 was again applied 1n the sprinz-to-support
Joints., The [lin-flop soak tests resulted in a bandwidth of

&

255 micro g bhefore temperature sterilization and 453 mlcro g
after temperature sterilllzation, which is the test result obtaind

ed so far in this program,

Durinz the experimentation with accelerometer M-22
its rebullding, the pendvlum showed signes.of sti

Instrument the sprinzs were accldentally ovroken, which ca
a severe schedule settack. An assambly procedure allowingz
surface protection to be applied to the capacitance rings
experimentally applied. =Zlectroliess zoldplating 2pvears

promisingz.

Temperature sterilizatiscn causad the fallure of =lec i
assamoly Z7 whlch was attached to mechanical assenmcly M-22
Tals electronic assembly is »f orizinal deslizn., The collector
resistor and the transformer were found damaged.

Prozress was made 1n the building of transfdrmers and elactronic
assenmblies deslgnad to meet the temperature steriilzation

environment,
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Unexpected difficulties with the variable capacitors showed vup
already under standard application conditions not involving
temperature sterilization., None of the four will be used in
this prozram,

SCOPE

In a general manner, it can be stated that the effort was
concentrated on makling the accelerometer resistant to the
temperature sterilization environment, 'Ethylene oxide
compatabllity was not considered for any component contained
within the outer shell of the accelerometer, which 1s to be
hermetlcally sealed. This applies specifically to the mechanl-
cal'sensing syétem and to tﬁe electronic assembly. Nickel
plating will be applied for surface protection of the outer
éurfaces of the accelerometér where required.

DETATLS

In the following,reference will fréquently e made to the first
three quarterly technlcal reports. The following abbrevliatlons

-W1lll be used:

Qu.R.1 For the filrst quarterly technical report, Bell Resport
Number 60007-026,

Qu.R.2 For the second quarterly technical report, Bell Report
Number 50007-207.

Qu.R.3 For the third quarterly technical report, Bell Report
: Number 50007-025,

General Desizn

2}

Referenze 1is made to Qu.R.1, pages 18 throuzh 21.

1.1 Accelerometer Envelope

The envelope of the deliverable accelsromater is dafine

jon

oy drawinz 25-01290 representing the Model Viiz-1%8, which
1s especially designed for hermetic séaling. No reasons
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l.2

1.3

“1.4

program,

Pendulum Design

As explained in section 3.2 of Qu.R.1l, Bell proceeded in
thls program with a composite aluminum pendulum design.
The collforms used in the experimentatlion were supplied
with outzr grooves allowing direct winding of the torquer
coil on the coilform, It 1s intended to apply this dééign
in the deliverable accelerometer rather than to return to
the monolithic beryllium pendulum. The bilas stability
6btained after temperature sterilization with the experi-

‘mental accelerométer of latest configuration is not

considered satisfactory, but it is felt that the transition
to the monolithiec beryllium pendulum would not significant-

ly improve the bias stavility at this stage of development

but, rather introduce new provlems relatsd to the inner
groove structure of the monolithic pendulum. It appezrs
that the critical area is the material used to bond the
springs to the pendulum supports rather than the pendulum
design..

Spring Constant KS

No new inputs have comz up during the investigation to
estabdlish the final value of KS. An approvriate stud

™~

“

1s under way on a separate progranm,

Input Axis Alixnment

- See sectlion 2 of this repore,

Performance Requirements

According to Article 1, Section (2) (2) of the contract, the
accelerometer, after sterlilization, shall meet the followling
»requirements:




Form 0345 Rev, 1248

Modgl

Date

22 Aucust 1967

BELL AEROSYSTEMS compPany L,_
Page

DIVISION OF BELL AEROSPACE CORMPORATION

Cleveland Operations

Report 60007—?OQ

(1)
(11)
(iii)
(iv)
(v)
(vi)
(vi1)

Bilas Error

Blas Error Stabllity
Scale Factor

Scale Factor Stability
Input Axis Alignment
Input Axls Stabllity

+300 micro g
100 micro g
1 ma/g * 10%
054 1 0

* 15 Arc Minutes

30 Arc Seconds 1 o

maximum
l o

That of a critically damaged

.It.was felt at Béii.

Frequency Response
' second order system with a
cutcff frequency not less
than 300 cps.

At thé outset of this investigation, 1t was known that a Model
IITI B accelerometer of original design will not meet the
requirements for the blas error and the biés error stablility
after being submittad to a temperature soak.of avout 120 hours
at QOOQF, a mild environment compared to that of temperature
sterilization. After such a cure of 120 hours, at 200°F the
Model IIIB accelsrometers exhibited a bandwldth of 800 p3 and
more for the null blas return points followinv tem
soaks of 8 hours at 160°F,

rature

that the perfofmance of the Model VII
accelerometer would not differ very much from that of the
Model IIIB acceleromaters and actual sterilization tests with
the Model VII ace

conductad at

elerometars of Daen

orizinal desizn nave not
raluations performed at JFL

3
indicate a poss
n

X itls tandwidth >0 1200 ps for the tlas resturn
noints of standard Model VII accelzromst Ers uqat have b2en
sucjected to tannarature sterilization.

width

No difficuliies arz expe the 1 ma/z + 1075
According

with JPL, the deliverable accelerometer wi

ct2d in meeting

requiremznt for tne scale factor. to an azrecuent

11 not ba eq::ipped
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within £ 15 arc minutes., Purther, zeneral experience show

wlth a temperature compensation network, It is therefore
understood that the scale factor stablility is to be determined
from measurements taken at a selected reference temperature

or that the values are to be reduced to take the effect of
deviations of the actual temperature from the reference
temperature into account, No difficulty 1s anticipated in

meeting the scale factor stabllity requirement of ,05% 10T

Concerning the input axis alizgnment and the input axls stability,

reference 1s made to Qu.R.1, pazes 20 and 21, As explained, the

aximuth angle of the sensitive axis will not be measured and,
therefore, the stabllity of this angle will not be determinod,
There is no difficulty in maintaining the angle tetwsen ths
sensitive axis and the seating surface of the mounting basa

S
the variations of this angle, which ‘is "puilt in", are small

Meetinz ths frequency respons

W

regulrement should not present a
problen. .

Mechanleal Assemcly

The environment of temperature sterillizsz

ct
H
O
3
)
Sy
U

{D
=
Cf-
Y]
Jur
| —J
4]
o3

investizations in two main areas:

Flrst, the bond betwesn the sprinz t2ts and the pasndulum support

At the presasnt sta bl 1

o) n l1ization of this bond

that prim 1y determines‘the ias statllity of the accealers-
meter,

to the envir:
ari

Second, the choice of nonmetallic materials in anp Wi ations
other tnan the. sorin-—bo -support cond, It is 21t that hers

reliaoility 1s more involved than instrument performance,

In accelerometers of orizinal desizn deposits have developed

under the influence of temperature sterllization and one of

these deposits, of granular stricture, has anpeared in the
L L) =) - ’ ~x
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magnetic alrgap; it represents a potential reliability
hazard, - Some nonmetallic materials have shown signs of
deterioration and replacement materials have been evaluated.

The investigation of the above named two main problem areas
was performed  independently and will accordingly be represented
in the sections 3.1 and 3.2 of this report.

A third problem area, namely corrosion of the capacitance rings,
which may or may not appear, is not directly connected to the
temperature sterllizatlion environment, Sticking of the pendulum
to the capacitance rings in open loop operation has on

occaslon been observed in other programs. Minute white particles

on the capacitance rings were observed and cleaning of the
capaclitance rings elimlnated the sticking., Such sticking was
observed after temperature sterilization of the experimental
accelerometer M~225, (For reference, see section 1 of the
tenth monthly technical progress report covering lMay 1967.) :
This incident prompted an investigétion of applicable surface
protection procedures, Details are given in section 3.3 of this

-report.,

3.1 Spring-to-Support Bond

As mentioned in Qu.R.1, page 2, the blas stability of the
accelerometer depends highly upon the bond between the
spring tabs and the pendulum supports., Using controlled
test conditions, referred to as flip-flop soak tests
(see section 3.1.1.2 of this report) a measure for the
bias stabllity can be established, This test éetﬁod has so
far been applied exclusively to accelerometers with
~adhesive spring-to-support bonds. In such experiments,
conducted prior to the present lnvestigation, it has been
demonstrated that the bonding material used in standard
accelerometers, namely ICA-4/BA-9 epoxy, does not withstand
temperature sterilizatioﬁ. A major part of the present
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investigation has therefore been applied to the ldentifi-
cation of more suitable bonding materials,

Although an improvement of the order of three to one has
been achleved over the bias stability obtained with the
1CA-4/BL-9 epoxy, to date no adhesive has been identified
that 1s considered satisfactory. The possibility that
this sitvation mizht arlse was articlpated and some
thoughts were spent on a method to completely avold the
use of an adhesive in the spring-to-suvpport joints,

"An approach using electron beam welding or laser welding
. was outlined (for reference see: Proposazl for Nesign

of a Sterilizable Accelerom=2ter, Bell Report lNumber
60002-440-1, Supplement Number 1, Pages 13 through 17).
Because new techniques are involved, the present

program drovides only for preliminary investization in the
area of laser weldlng., This part of the effort is descrid

.ed 1In section 3.1.2 of this report.

The efforts to improve. th2 adhesive bond from the spring

& >

to the pendulum support invdolved two kinds of activity
carried out in parallel:

First, the pre-evaluatior of adheslives,

Second, ©bond evaluation in functional accelerometers,

Thz pre-evaluaztion 2fforts are covprad in section 3.1.1.1
of this report, the tond evaluation in funztisnal
accelerometers in ction 2.1.1.2,

2,1.1 Adhesive Bond

3.1.1.,1 Pra-cvaluation of Aihesivcs

In previous programs efforts have besen
made to establish a correlation between
the null bias statility of an accelerometer
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and the physical qualities of the bonding
material qualities such as the ccefficient
of thermal expansion or the heat distortion
temperature, These efforts proved

unsuccessful,

In the present program some efforts were
made to experimentally determine the heat
distortion temperature of the adhesives
under evaluatlon, The main emphasis
in all other tests was, however, placed
on experimentatlion involving the
interaction of the adhesive with the
materials used in the joints, namely
beryllium copper, and aluminum, It was
not expected that this experimentation
would conclusively indicate, which
adhesive would render the best bias
leromater; it diq,

however, servza as a valuable gulde in the

stavililty in an acce

~

selection of the adhesives to ba evaluated

in funzstional acceleromsters, A certain
correlation vetwaeen the results of the

pre-evaluztion tests and the tests

performed with actual acczlerometers did
emnerzz,

The Tolilowing types of tests wers

per formad:
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Shear tests.

—

t appears That the peel

e
shear tests are most sig

3.1.1.1.1 Heat Distorti

tests and the
niflcant.

The welzhting
mads o2 TU-12

mzasuremsnis,

T2sts on bars
O D ernxy vere
auss I nosy
>T the Jeidrmation
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ct
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interior, 1In addition, curing
difficulties were encountered,
At thilis point the tests to
determine the heat distortion
temperature were dropped and
also the decislon made not to
apply this type of epoxy in a
functional accelerometer,

" Specimens made of the EC-2258

epoxy were found to be hollow
inside over a length of about
one inch. When vacuum was
applied during the castinzg,
the protes did not come out

-

even and the attempts to deter-
T

d
o
E
IS}
®
-
o
or
o
H
m
1)
H
o
.
I
o
3
3
o
Cu
[ 2
]
o3
o

anplied in a functional acceler-
oneter and renderad e Dest

EC-1456Q Minnesota Mining &

Manufacturing Company

EC-2258 Minnesota Mining &
Manufacturing Cormpany

BU-120D FPittsburzh Plate

(]
(o]
W
0
99}

Comnany
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All traces of grease were
removed from the metal parts by
~ Immersion in trichlorethylene,

The difference in wettability
of the three adhesives on
aluminum alloy 3003 and
Berylco 25 were determined by
means of a sesslle drop that
had been cured on each metal
surface. The econtact angle
of the adhesive drops with
each metal surface was compared
by means or visual observation
at 10X magnification using a
binocular microscope.

Based upon this subjective
-comparison of tha wettability

of the metals by the adhesives,
"they were rated as noted below
good, failr, or poor:

Aluminum 3003 Berylco 25

EC-1449 poor POOT
EC-2258 good z00d
BU-120D fair gond

Tensile specimens were prepared
oy making 3/4" wide x 3" long
specimens of aluminum 3003
and Berylco 25 bonded tozether

" with éach of the threes adhesives
and cured at 325°7 ror 1/2 hour.
The bonds were then subjected

to 180° peel tests.
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it

The EC-2258 adhesive bond was
the only one that did not fail
in the peel tests.,

It appears significant that the
EC-2258 epoxy, which rated
good in the wetting and bonding
tests and which passed the peel
test gave the best bilas stabil-
1ty so far obtained in an
accelerometer that has been
subjected to temperature
sterilization. It may also

be pointed out that the EC-2258
rated in the shear tests (Sce
the following Section).

Shear Tests

3.1.1.1.3

(For more detall see Qu.R.2
.Section 1.1.2 and Qu.R.Z2,

-2
Se¢tion 1.1.1)

The shear test specimens, as
shown on page 5 of Qu.R.2, are
desiznzd to reflect the actual
conditions In the accelerometer.
Represzsnting the pendulun
supports are dYars made of
aluminum alloy 3002, One end
of each bar is slotted to allow
about 1/2 inch penetration of
the Berylco 25 plates represent-
ing the sprinzs. The areas
filled with adhesive are indlca-

ted on the drawingz, paze 5.

*o2
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.the bonded

The physical qualities of the
bond are described by the
rupture load, the rupture
stress, thedlstribution of the
adhesive remalning on the
aluminum and/o>r on the Berylco
25 after rupture and by the
wldening of the slots in the
aluminum parts.

The xupture  load applied to
each sample was dlrectly
measured. ’

The rupture stress was computed;
the reference surface Tor tne
computation was taken as twice
the product »f the length L of

-the interface between the tws

metal parts and the thickness

"H = .20 inches of the aluminun

part, The length L of the
interface was not very accurate-
1y controlled ty the buildinz
fixtures used to make the

shear test apec S
reason, the length I was
measured on =23c

test sp=cime

Q

o o]
3
-

: o
n
(6]
(o]
o]
]
[)]

parts were
esive remaining on
2tal surfaces, It

was found generzally tha

1
arount of adh
m

separation occurred either on
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"to the alumlinum on on2 side and
to the Berylco 25 on the other

the aluminum or on the Berylco
25 1nterface, but not parallel
to these surfaces through the

adhesive layer., In some cases,

the adhesive was found to adhere_

in patches to the aluminum
while the balance remained
attached to the Berylco 25,

In other cases, the adhesive
was found to separate complete-
ly from elther the aluminum or
the Berylco 25. The distrilbu-
tion.of the remaining‘adhesive
was found occasionally to be
very different on both sides of
and the same specimen even to
the point where the adhzssive
would remain entirsly attaéhed

slde of the speclimen, IListed
in the tables containinz the
test results is the percentage
- estimated by eye - of the

~

emaininyg coveraze of the
bonding area on the 3eryleo

2> matarial for each sids »f
which one sids was
arbltrarlly designated as

side A, th= other as side B,
This evaluation does not avply
to the test spszimens made with
LCA-1/BA-9  epoxy and not

sut jected to temperaturs

sterilization., In these

o
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specimens, the separation
occurred mailnly in the epoxy
layer parallel to the bonding
surfaces. A characteristic

. particular to the specimens

made with the Scotchweld
EC-2258 epoxy, a significant
widenihg of the slot area -
in the aluminum parts after
separation, was not found in
other specimens.

- Four specimens were made with

each type of epoxy listed
below:

BU-120D Pittsburgh Flate
Glass Company
Ablecast
147=1. The Ablestik
Adhesive Company
EC-2258 Minnesota Mining

and Mfg., Corpany
2820 FT/11  Emerson % Cummings

LCA-1/BA-9  Bacon Industries,

Distributed by The
Ablesti's Adhesive
Company
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Lo

Two samples of each type were
sucmitted to the temperature
sterilization environment,

360 hours at 275°F, The results

‘of the shear tests are listed

on page 7 of Qu.R.2 and on
page 5 of Qu.R.3 (the experi-
mentation did not extend into
the fourth quarterly reporting
per 1od)

"}it may'be'ﬁotéd that the results

obtained on speocimen #5
(Ablecast 147-1) indicate that
no bond at all was achiesvad;
40 1bs, is just the load

needed tn ovarcome the frictisn

i

The main observatlions that
appear important in the correl-
ation of the shear test results
with the bilas stability obtained
before and after temperature .
sterilization in functional
accelerometers are listed below,.

Item 1, .In all cases, tempera-
ture sterilization
has reduced tha bondgd
strength,
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Item 2,

Iten 3.

Item 4,

Item 5.

- the bond between the

The bond strength of
the EC-2258 epoxy

was the least affected
by temperature steril-
ization. This epoxy
lost only 21% (average)|
of its bond strength,
comparing to a loss of

414 in the case of
Ablecast 147-1 and 514
in the case of LCA-4/
BA-9.

The EC-2258 epoxy
showed the highest bond
strength before as well
as after temperature
sterilization.

Temperature steriliza-
tion tends to loosen

adhesive and the
Berylco 25 materizl,
The Ablecast 147-1
epoxy 1s the only
exception,

Generally, the bond
breaks at the interface
between the adhesive
and the opposinz metal
part, The LCA-4/BA-9
epoxy marks the except-~
ion to this rule, but
only before temperature
sterilization,
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- Item 6.

The speclimens made with

-‘section 3.1.1.2) closely

the EC-2258 epoxy
showed an appreciable
widening of the slot
area 1in the aluminum
part, both before and
after temperature
sterllization,

Attempts to correlate the shear
test results with the bias
stabllity observed in functional
accelerometers are limited to
three types of epoxy namely
EC-2258, Ablecast 147-1 and
1CA-4/BA-9.

After temperature sterllization,
the accelerometer bullt with
EC-2258 showed the best bilas
stability (See the following

followed by that bullt with the
Ablecast 147-1 epoxy. As stated
before, the LCA-4/BA-9 bond
deteriorates when exposed to an
environment far less severe than
that of temperature sterilization

Items 2, 3 and 6 noted above tend
to explain the superiority of the
EC-2258 over the Ablecast 147-1
and the LCA-4/BA-9 epoxies after’
temperature-sterilization._
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o 3.1.1.2

for Deslgn of a Sterilizable Accelerometer"

- Xtem 4 tends to favor the
Ablecast 147-1 epoxy and may
explain, why the post steriliza-
tion bilas stability is not as
much inferior to that obtained

 ‘with the EC-2258 epoxy as the
much lower bond strength of
the Ablecast 147-1 epoxy would
lead to expect. '

Item 5 may explain the good
performance obtained with the

' LCA-4/BA-9 epoxy in all programs
not involving temperature
sterilization or operating temp-
eratures above 145°F,°

Bond Evaluation in Functional Accelerometer

A certain type of testing, referred to 2as
flip-flop testing has evolved as a method
to evaluate the quality of the spring-
to-support bonds of an accelerometer, To
date, this method has been used exclusively
on accelerometers featuring adhesives
rather than soldered bonds., The develop-
ment leading to the use of adhesives in
the spring-to-support Joints and to the
application of the flip-flop soaks is
described in detail in Bell Report No.
60002-440-1, Supplement No. 1, "Proposal

The flip-flop test used in the present
program 1s described in Qu.R.2, pages 12
through 14, It differes somewhat from the
original flip-flop test procedure: in
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previous programs hot soaks have alternated
with cold soaks; 1n the present program hol .
soaks only are applied (8 hours at 160°F).
During the hot soaks, the input axls 1s

aligned with the direction of gravity but

~ reversed 180° alternatingly from soak to

soak so that, if a positive input direction
is defined, the direction of gravity will
coincide with the positive input direction
in one soak (flip position) and will be

in opposition (flop position) during the
following soak. Six soaks constitute a
complete test cycle., Durdng the soaks no
povier. 1s applied. All readings on the
functioning accelerometer are taken after
the instrument has stabilized at room
temperature: The first readings before

the first soak and other readlings following|
each of the six soaks. The blas values
thus determined are plotted in sequence.

The line connecting the points representing

the bias values generally emerges as a more
or less regular saw tooth dlagram, The
bandwidth of this diagram furnished a
measure for the quality of the bond. The
effects of temperature sterilization on

the bond are evaluated by comparing the
bandwidth obtained after temperature

" sterilization to that obtained before

temperature sterilization.

In Model ITIB-8 accelerometers built with
I1CA-4/BA~9 in the sprinz-to-support Joints
the bandwidth increased from a typlecal

250 ug to values up to 800 pg when the
accelerometers were submitted to a postcure
of 120 hours at 200°F, which 1s a mild
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environment compared to the temperature
sterilization eycle of 360 hours at 275°F
applied in this program. In recent
inveétigations performed at JPL on lodel
VIIB-5 accelerometers, temperature sterili-
. zation resuvlted in a bandwidth of up %o
1500 pg, as already mentioned in section

2 of this report.

In the present program the flip-flop soak
test has been applied to evaluate two

types of epoxies; namely, the Ablecast
147-1 and. the Scotchweld EC-2258, Attempts
to evalvate the Bondmaster 620 epoxy vere
abandoned because of difficulties
encountered in the process of building of
the accelerometers (for refersnce see '
Qu.R.1, page 6).

3.1.1.2.1 Ablecast 147-1

. For details see Qu.R.1l, pages
10 through 17, The graph
showing the results of the
flip-flop soak tests is containsd
on page 16 of Qu.R.2.

Following the preliminary tests,
two temperature runs uere
performed onAaccelerometer M-225
which was built with the
Ablecast 147-1 epoxy in the
spring-to-support Joints. The
variation of null bias wilth
temperature was found to be
2.64 micro g's per °F in the
first run and 2,98 micro g's
per °F in the second, which can
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~and shows a bandwidth of 240

R thus obscured the effects

" be rated as good performance.

The bias values obtained during

the following flip-flop soak tes

are listed on page 15 of
Qu.R.2, The pattern is regular

micro g.
After the first flip-flop test

cycle, the functional electronig
assembly on accelerometer NM-225

was replaced by a non-functional .

electronic assembly, This was
done in order to avold damage
to the functional electronic
assembly during temperature
sterllization,. Such damage
could have affected the post-
temperature~sterilization
performance of'the unlt and

under investigation of the
temperature sterilization on
the spring-to-support bond.

Unit M-225, provided with the
non-functional electronic
assembly was filled with Helium
and hermetically sealed, The
accelerometer was submitted to
a temperature of 275°F for 360
hours, Then the functional
electronic.assembly was re-
installed. Agzain two tempera-
ture runs were performed, The
first showed a variation of
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~ for a better adhesive was

~4,7 micro g per °F, the
second practically zero varia-
tion, The poor repeatability
was Interpreted as a sign of
deterlioration of the blas
stabllity as a consequence of
the temperature sterilization.

The flip-flop soak test cycle
performed thereafter resulted
in a bandwidth of 555 micro g.
Since the accelerometer has to
meet the requirement that the
null bias should not exceed the
limits of * 300 micro g, this
result was not considered
satisfactory all the more as
the average of the null bias
had shifted about 350 micro g
from before to after tempera-
ture sterilizatlon, The search

continued, Based on the pre-
selectlion tests the Scotchueld
EC-2258 was chosen,

Scotchweld EC-2258

After the initlal tests, two

temperature runs were performed
with accelerometer M-225 which
had been rebullt with Scotchweld
EC-2258 epoxy in the spring-to-
SUpport Joints., The average
slope of -2,14 micro g per °F

18 consldered good performance.
It was, however, observed that
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the return points to room tempera-
ture showed a rather large spread,
(see Qu.R.3, page 7).

A flip-flop soak test cycle was
then performed. The blas readings
are listed in Qu,R.3, page 8, the
graph showing them is contained
on page 9. The pattern is not

. very regular and a bandwidth
hardly definable., Tentatively
a bandwidth of about 300 micro g
could be suggested.

Imnediately following the flip-
flop soak tests a certain sticking
of the pendulum to the capacitancs
rings was noticed. During the
next days the accelerometer was
under observation and the sticking
condition was found to get worse.
It was this happening that
triggered the investigation
described in section 3.3.1 of
this report concerning the surfacs
protection of the capacitance
rings, The accelerometer was
taken apart and the capacitance
rings were ¢leaned. During the
process of re-assenbly, the spring
were accldentally broken. Becauss
the reference to the flip-flop
soak test previously performed
was lost, it'was decided to repeat
this teét after rebuillding with
new springs. Before the second
flip-flop soak
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test was undertaken, two
temperature runs were performed:
the first before hermetical
sealing of the accelerometer;
the second after sealing to
confirm proper performance of
the accelerometer, The results
are listed below in Table I.

TABLE I, VARIATION OF BIAS WITH TEMPERATURE IN UNIT M-225
' . After Rebullding with New Springs
' CONDITION TEMPERATURE °F  BIAS pg  SLOPE pg/°F
, Start 76.0 -551
Before oo +2.25
Sealing : +2,97
Return 74.0 -591 :
Start 74.2 -770
After ' +3.44
. High 124,.2 -598
Sealing - - - +3.82
Return - T4.0 -790

It appears that the hermetical
sealing did not appreciadbly
influence the performance of the
acceleroneter., The blas shift
experienced was to be expected,
It will be noted that before
the rebuvilding of the accelero-
meter an Increase in temperature
resulted in a negative bilas
drift, after rebuilding in a
positive drift., The slope
experilenced after rebullding is
higher than the slope before
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FLIP-FLOP SOAK TEST RESULTS

rebullding but it is still
well within exceptable limits,

Following the temperature runs,
accelerometer M-225 was subjecte
to a flip-flop soak test cycle,
The results are listed below in
Table 2., The graph, page 30
shows Che corresponding
sawtooth dlagram,

TABLE 2.
(Before Temperature Sterilization)
o | - 'BIAS IN ug

Before the first "Flip" soak -1489
After the first "Flip" soak -1636
After the first "Flop" soak ~-1446
After the second "Flip" soak -1661
After the second "Flop" soak -1485
After the third "Flip" soak -1701
After the "Flop" soak -1462

third

The above results may be
compared to those obtained befor
the rebullding of the accelero-
meter with new springs.

The flip-flop diagram is much
nore regular after rebullding.
The bandwldth of 255 pg 1is
comparable to that obtained with
the Ablecast 147-1 epoxy in the
spring-to-support Joints.

(See Monthly Technical Progress
Report No., 5, page 3).

d
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The blas at room temperature
after the second temperature
run was -790 pg; the bias
before the first "flip" soak was
-1489 pg, which constitutes

a blas shift of -699 pyg. This .
is a rather high change even
considering that the temperaturs
runs and the flip-flop soaks
were performed on different

test stations, It was, however,
declded to continue the flip-
flop'soak tests once they had
started in order to avoid a
further disturbance of the
accelerometer.

It was initially intended to
‘determine experimentally how
much the change of station
‘contributed to the change of
null bias, This experiment,
however, could not be carried
out because the electronie
assembly E7 falled, as will be
seen, in temperature steriliza-
tion, and the reference was
‘lost, The electronlc_ assembly .
#7 was left attached to the
mechanical assembly M-225 during
temperature sterilization in the
hope that it would survive and
that the time involved in
replacing E7 by a non-functional
assembly and in re-installing
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' After replacement of this
resistor the electronic assemblj

E7 could be saved, For the
case of fallure the standby
electronic assembly H6 was
held ready.

When testing of accelerometer

ture sterilization 1t was found
that the electronlc assembly E7
had indeed falled. It gaﬁe

no output, Inspection showed
that the collector resistor

of the type RN55D was open,

still did not function and it
vas replaced by the backup unit
H6. The post mortem of unit

E7 will be reported on in
section 4, Electronic Assembly,
of this report.

The bias readings taken during
the flip-flop soak test cycle
perférmed after temperature
sterllization are listed in
Table 3 below:

' M-225 was resumed after tempeérad

*5
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TABLE 3. FLIP-FILOP SOAK TEST RESULTS

(After temperature sterilization)

' ‘ BIAS IN ug
Before the first "Flip" soak -826
After the first "Flip" soak -g52
After the first "Flop" soak -512
After the second "Flip" soak -965
After the second "Flop" soak -603
After the third "Flip" soak -882
After the third "Flop" soak -605

- of the stability requirements

"EC-2258 epoxy it may be

The blas points are plotted in
the graph page 30, the same

in which the pre-sterilization
results are shown. The band-
width of 453 micro g after
sterilization compares favorably
with that of 555 micro g
obtained with the Ablecast
147-1 epoxy. However, in view

of this program, the 453 micro
g bandwidth can be only
considered as Just marginal,

Concluding the report on the
application of the Scotchweld

mentioned that at first some
difficulties were encountered
in attaching the springs to the
pendulum supports. The.first
attempt falled, During the
second bullding of the acceler-~
ometer the lmproved method
proved successful as wvas
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3 l.2 laser Welding

- orts. This approach was suggested because it is
anticipated that a metal to metal Jjunction will

demonstrated during two further
rebulldings, the flrst of which
was needed because the torquer -
coll windings failed, the
second because of the accildental
" breaking of the springs
mentioned above, The fallure of]
the torquer coll windings is
reported on in detail in section
3.2 of this report,

Supplement No. l App ndix 2 of Bell's "Proposal
for Design of a Sterilizable Accelerometer", Bell
Report No. 60002-440-1 outlines some idees concern-
ing a pendulum designed for laser welding of the
Junction from the spring tabs to the pendulum supp-

yield a better bias stability than an adhesive
Joint. ’

The corresponding part of.Bellfs proposal was not
included in the present program. However, when
Bell was offered the opportunity to perform some
laser welding at the George Marshall Space Flight
Center, an object was chosen for these experiments
that promised to render some indications concerning
the feasibility of the laser welded spring Joint
and that, 1n addition, offered thes possibility to
eliminate the application of an adhesive in the
pendulum area, namely the securing of the pendulum
eupports to the torquer coil form. The c¢correspond-
ing efforts are described in Qu.R.3 pages 14 thru
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18, where all aspects are covered in detail, Only
the essentlals are repeated here.

The pendulum frame 1s of composite design. Each

- pendulum support is provided with two prongs that

are riveted into holes in the coll form, The .

' cdnnection befween the supports and the coll

form is reinforced by epoxy which is applied to the

" seams at the Jjunction of the supports and the .

coll form, The laser welding was applied to the

seams in an effort to make this a metal-to-metal
Junction,

AS a first stép, a schedule was established giving

best results on the material involved, namely
aluminum, This schedule is as follows: Pulse time
5 milliseconds, weld dlameter .020 inch. " The
voltage was varied between 1475 and 1550 volts,

. The laser welder used is of the type LMT-21.

Experiments were conducted on some parts that were

rejected for diménsional out of tolerance conditions
not affecting the welding. The quality of the weld
Joints was determined by visual inspection only,

Conditions under which satisfactory results would
be obtalned were established. Sone modifications

In the design of the supports in the Junction area
appear indicated. Introduction of laser welding in
the present program is not considered, A conclusion
concerning the applicabillity of laser welding to the
Junction of the springs to the supports was not
arrived at,.
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NOTE: Concerning the Bélance of Problem Areas
in the Mechanlical Assembly

The above report on the attempts at laser welding

~concludes the description of the efforts made in

the area of the spring-to-support bond which, as
already stated, represents the most involving
single item in the area of the mechanlcal assembly.

- The balance of problem areas of the mechanical assem

bly is divided into two maln groups according to
the type of material involved,

Section 3.2 deals with the nonmetallic materials,
section 3.3 with the metals., The deposits observed
are all believed to be nonmetallic and are reported
on in section 3.2.

The actual investigation of both groups of materials
was conducted simultaneously as follows:

As a first step, Bell provided JPL with a Product
Bill of Material listing all the parts and materials
used 1n the orivinal Hod°1 VIIB-5 accelerometer,

JPL has checked this Bill of Materlal and identified
those materlals that are eilther obJjectlonal or
undesirable, or that could be repWaced by better
suited materials,

. As a next step, JPL has furnlshed to Bell three

specifications which Bell has used to identify
replacement materials, These specifications are:

JPL Spec. WR 500304
Polymeric and other nonmetallic materials,
Preferred

JPL Spec. WR 500305
Metals, Preferred
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JPL Spec. WD 500306
Process Specifications, Preferred

In further steps to identify problem areas, Bell
has submltted two accelerometers of original

- design to the environment of temperature steriliza-

- tion. Instead of performing slx soaks of sixty

* Lours each one continuous soak of 360 hours at .
275°F was applied, Both accelerometers were
hermetically sealed and filled with helium. The
accelerometers were opened up and visuvally
inspected for the effects of the temperature steril-
‘ization, It appears noteworthy that the findings
on both accelerometers were mainly identical.

The observations made on the two accelerometers
helped to identify materials requiring replacement
_and to show up problem areas such as the appearance
of deposits which had not shown uvp before tempera-
‘ture sterilization was applied. Where applicable,
replacement materlals were selected from JPL Spec.

WR 500304 and some experimentation carried out,

All the information thus obtalined was used to
determine the configuration of the mechanical
assembly 6f accelerometer M-225 which, besldes being
used to evalvate ths Scotchweld EC-2258 epoxy, was
used as a carrler for exverimentation with replace-
ment materials, At the end of the reporting period,
the accelerometer M-225 was not availlable for
disassembly and inspection, so that the corresponding
results are not yet known., The functional tests
perfofmed on aécelerometer M-225 gave no indication
of any disturbances in thes area of the mechanical
assembly through temperature sterilizatlon other
than the increase of the flip-flop bandwidth
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3.2

Nonmetalllic Materlals

reported on in section 3.1.,1.2.2., This increase
1s belleved to be unrelated to the items listed in
the sections 3.2 and 3.3.

For detalls see Qu.R.l, pages 11 through 18 and Qu.R.2,
pages 17 through 22, '

The investigation of the nonmetallic materials 1s reported
on in two sections. The first, section 3.2.1 covers the
~deposits; the second, sectlon 3,2.2 covers the material
investigation proper,

It is noted, that it has not beeh possible to 1link the
deposits to any particular type of nonmetallic material
used in the accelerometer. It is hoped that the replace-
ment of objectional or questionable materials ﬁill .
ellminate the deposlits. How far thls conditlon has been
achleved in accelerometer M-225, which in its latest
configuration contains numerous replacement materials,
18 not yet knowh,.

3.2.1 Deposits

- whlte transparent, and sticky. It was found on"

As mentioned before, the deposits have been obgerved
in accelerometers of orizinal design that were
submitted to a temperature of 2750 for 360 hours.
Both accelerometers were hermetically sealed and
filled with heliyn.

The first type of deposit was found only in one
of the two accelerometers, This deposit is smooth,

outer surfaces of the magnet housings and would not
impalr the performance of the accelerometer., It is
belleved to be a remainder of flux and that
thorough cleaning would avold 1ts appearance,
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- which indicates that its source lies outside of

'white opaque and granular. It was found mainly

18 opposite to the coil windings of the pendulum,

flux plates remalned free of the deposit, the grain
'8lze of whilch-generally is between ,001 and .003

The second type of deposit settled mostly on copper
containing metal parts, giving them a shiny appear-
ance, This deposit was observed in both accelero--
meters, It did not appear on the brass capacitance
rings contained inside of the magnet assemblies,

the magnet assemblies, This deposit, too, could
be due to remains of flux, It, also, would not
impair the performance of the accelerometer,

The third type of deposit could, if buildup
continued, lead to a catastrophic failure. It is

in the airgap of the magnetlic flux path, namely

on the I, D, of the magnet housing and on the 0. D.
of the aluminum coil form, It appears mostly on
that part of the I. D. of the magnet housing that

The I. D. of the coil form and the 0. D, of the

inch., 1In the area between the I, D, of the magnet
housing and the 0. D. of the torquer coil form this
1s nearly enouvgh to bridge the alrgap. It is
suspected that the deposlit originates from the FFA-Z
epoxy appiied to the torguer coil windings. In the
latest configuration of accelerometer M-225 this
epoxy has been replaced by Epon 828 Z which 1is
listed among the preferred materials in JPL Spec,
WR 500304. Inspection of this accelerometer is
pending.

In one accelerometer a further. type of deposit
was observed in the same area as the white
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3.2.2

opaque granulated deposit, namely an extremely
thin even coverage of light brown which did not
appear to be rust. This deposit wouvld not affect
the accelerometer performance, From the color of

" _the deposit it was felt that its origin could be

the isonel type 155 magnet wire insuvlation., In the
rebuilding of accelerometer M-225, magnet wire |
isolated by heavy 1isonel type 200 has been used.
This insulation is rated for 185°C (365°F) by the
manufacturer, '

Nonmetallic Materials Prbper

The sequence of the materials listed below 1s not
systematic except that those showing a2 high degree
of deterioratioh are listed first., In all cases,
the JPL rating is indicated, For evaluation of
the. effects of temperature sterlilizztion on the
nonmetallic materials, visual inspectlon and
subjective evaluatlon properties as stickyness or
brittleness have been applied., It 1is recognized
that visually detectable deterloration alone 1s not
a valid~criteri&n'fbr-the<acceptance or rejection
of a materlal since other areas such as outgassing
are not covered, For this reason, Bell has made
efforts to replace a material not contained in

- JPL's list of preferred materials by a JPL

preferred material, even i1f no visible signs of
deterioration are found. Where applicable, the

" results of experimentation with replacement

materials are given and the replacement materials
used in the latest configuration of accelerometer
M-225 are named.
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3.2.2,1 Tuf-On 747-S

JPL rating: ObJectional

This material is applied to cover that

part of the surface of the magnets remain-
ing free after the magnets are rolled in
and the flux plates are attached. This is
done to prevent tiny particles that could
be relatively loose in cracks and pin
holes from breaking loose and finding their
way into the alrgap by magnetic attraction.

The,Tgf—Qn,_Qriginally a clear material,

“was found to be completely discolored
to brown or gray depending upon the
thiclkness applied,

In an effort to identify a repnlacement
materlal some experimentation with Epon

828 Z was conducted. A thin film of this
material was applied to two magnets which
were-éubjected to 'a temperature steriliza- -
tion cycle of 360 hours at 275°F. The

Epon 828 Z film was found to be discolored
to a brownish hue; however, it did not

show any tendency to flake off, When
applied to the magnet surfaces the epoxy wad
clear and it was then hard to sees 1f all bax

. areas were covered, 'The discoloration showa:

that this was not the case. It appears
that a material with a better whetting

action would be preferable. Until such

-a material is identified, 1t is planned

| to apply Epon 828 Z in- these areas of the
magnet surface showing crevices or pinholes)|
The surfaces would be left bare if close
inspection shows that they are free of
flaws.,

e
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3.2.2.2 #5 Electrical Tape (31)

to prevent penetration of forelign matter.

applied to the outside of one magnet

- magnet housing, This test was not consider

- Mystik tape 7352; the tape was applied to

JPL rating:v Objectlional

This tape 1s used to cover through _
holes in the interior of the magnet housings

After temperature sterilization the tape
was found to be very brittle but still
clinging to the magnet housing by means
of the adhesive which remained sticky.

In one of the two accelerometers investi-
gated the adnhesive appears to have softened
under the influence of heat and to have
flowed together in the hole areas. It
appeared further, that the thiclmess of
the tape proper had been reduced.

As a substitute material the Mystlk tape
7352, which 1s listed on page 28 of JPL
Spec. WR 500304, was selected for experi-
mentation, A sample of this tape was

housing of accelerometer M-225 when this
unit was rebuilt for the evaluation of the
Ablecast 147-1 epoxy. Inspection showed
that ths tape had partially separated from
the magnet housling and had lost its
adhesive qualities where separated fronm the

ed conclusive because the sample miznt have
been overaged. For confirming, accelero-
meter 11-225, in 1ts latest confizuration
has been reoullt with a new batch of the

the interior of the magnet housings. In-
spectlion after temperature sterilization
has not yet been performad.




Form 0345 Rev, 1248

BELL AEROSYSTEMS compPaNy uo

Model DiIVISION OF BSELL AEZROSPACE COAFPORATION Poge

Date 22 August 1967 Cleveland Operations |Rgreporr_60007-029

302.203

1 3.2.2.4

#55 Electrical Tape (3M)

For reference see Qu,R.2, page 22,
Evaluation of Mystik Tape 7300,

JPL rating: not listed.

The electrical tape #55 i1s used on the
outside of magnet housings to cover peep-
holes allowlng observation of the pendvlum
alignment. The Mystik tape 7300, also
listed in JPL Spec. WR 500304, was selected
as a replacement, A sample, which also
might have been overaged, was subjected to
temperature sterilization along with the
Mystik tape 7352 in accelerometer M-225,
Inspection after temperature sterilization
revealed that the tape had separated into
two components: the tape proper and the '
adhesive, The tape propsr was found to be
very brittle. Accelerometer M-225, 1n its
latest configuration, contains a sample of

“the 7352 tape taken from a new batch of
material. The effects of temperature

sterilization stlll remain to be investl-
gated.

Nylon

JPL rating: obJjectional

"This material has been used for spacars

placed between the magnet houslings and
the top cover of the accelerometer. The
purpose is to limit the tilt of the top
cover. Visual inspection after tempera-
ture sterilization did not disclose any
signs of deterioration. In the presant
design of the sterilizable accelerometer,
the spacers are no longer used,
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- 3.2.2.5 Formvar Insulated VWire

' heavy Isonel type 200 will be used to re-

~configuration contains the heavy Isonel

-Formvar insulated wire by Formex Iinsulated

- where the capacifance leads are attached

- on page’ 26 of JPL Spec. WR 500304, was

"performed and showed satisfactory results,

JPL rating: Not desirable

The wire is used to connect the ends of
the torquer coll windings to the spring
tabs, Visual inspection after temperature
sterilization revealed no signs of deterlors.
ation, The magnet wire lnsulated with

place the Formvar insulated wire,
Accelerometer M-225 in its most recent

type 200 wire., The replacement of the
wire (See Qu.R.2, page 20) is no longer
considered for reasons explained in

section 3.2.2.7 of this report.

Polyolefin

JPL rating: Not desirable

RNF 100 heat shrinkable sleeving is used
to provide stress relief in the area

to the capacitance rings. Visual inspect-
ion after temperature sterilization
revealed no signs of deterioration,

Rayclad Kynar shrinkable tubing, listed
selected as a replacement materlal.
Experimentation 1including exposure to the

temperature sterlilization environment was

For reference see Qu.R.3, page 14, section
1.2040
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Accelefometer M-225 in its latest
configuration contains the Kynar tubing.
Inspectlion and evaluation 1s pending. |

Isonel Wire Type 155

“JPL rating: Not listed

This wire is used in standard VIIB
accelerometers to wind the torquer coll,
(Transition to Isonel type 200 is underway)

Post sterilization inspection performed on
the flirst accelerometer involved revealed
no sign of deterioration.” In the second
accelerometer the surface of the winding -
looked less shiny than before temperature
sterilization., The Isonel type 155 insula-
ted wire is rated at 275°F by the manufac-
turer, which is marginal,

It was decided to rebulild acceleroneter

M-225 with Formex insvlated wire (see

JPL Spec. WR 500304, page 31). As reported
in Qu.R.3, page 10, the coil wound with

the Formex insulated wire falled when the
pendulum assembly was rebulilt with the
Scotchweld EC-2258 epoxy in the spring-
to-support Joints, This epoxy réquires a

~cure of 1 hour at 35Q°F. The fallure of

the coil was evidenced by a change in
resistance of the torquer coil from 14 ohm
before the curing of the EC-2258 epoxy to

6 ohm after the curing.

At this point, 1f was decided to rebulld

the torquer coil with Isonel type 200
wire which was avallable in house. This
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3.2.2.8

3.2,2.9

wire is rated at 365°F by the manufacturer.

Accelerometer M-225 was accordingly rebuilt
and has since undergone temperature
sterilization without failure of the torque

»coil; InSpection of the torquer colld for

possible effects of temperature steriliza-
tion is pending.

FFA-2 Epoxy (Bacon)

JPL rating:: - Not listed

This epoxy was selected;fdr the application
to coll windings which are located in an
inner groove of the coll form, (See Qu,R.1
page 15) The FFA-2 epoxy has also been
vused to secure the coils wound on coilforms
with outer grooves,. This was the case>on
the two accelerometers of origlnal design
which were submitted to temperature
sterilization. No adverse effects on the
windings, however, the FFA-2 epokxy is a
prime suspect as source of the white opaque
granvlated deposit found in the magnetic
airgap of the accelerometer,

When the accelerometer M-225 was reduilt
to 1ts latest configuration, Epon 828 z
was used to secure thé'torquer coil '
windings in the coll form groove, It
remains to be seen 1f the application of
the Epon 828 Z epoxy has eliminated the

" white opaque granular deposit.

Locktite, Grade A
JPL rating: Acceptable, but not desirable

51
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3.2.2.10

. after their bvonding to thelr carriers,

This material is used to secure screWé,
either in the thread or at the head, or
both., After temperature sterilization all
screws were found still secured but it has
been possible to loosen them with an
adequate torque. No signs of deterloration
were. detected, Replacement materials have
not been evaluated to date.

Epon 828 D

JPL rating: ©Not llsted

In standard Model VIIB accelerometers,
Epon'828 D is applied for two purposes:
first, to attach the flux plate to the
magnets; second, to bond the Dlamonite
insuiators to the base plate anq to the
spring clamps. Especlally the latter
application requires resilience of the
bonding material (for reference see

Qu. R, 1, pages 16 thru 18 and Qu. R. 3,
section 1.2.2).

In an effort to replace the Epon 828 D

by a JPL recommended material, accelero-
meter M-225 has been rebuilt with Epon

828 Z in the above named applications,
Epon 828 7 is listed on page 5 of JPL
Spec. WR 500304, ©No adverse effects of
this change have been noticed during the
fabrication of the accelerometer, specifi-
cally during the grinding operation
performed on the Diamonite insulators

The performance of the accelerometer
before and after temperature sterilization
does not indicate any other adverse effects
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Inspection of theAsubassemblieS in which
the Epon 828 Z was applied for possible
visible effects of temperature steriliza-
tion 1s pending.

3.3 Metals

The experimentation with the two accelerometers of original
design has shown that metallic parts were unaffected by
temperature experimentation except for slight discolorations

which were observed mainly on nickel plated soft iron

surfaces and on some brass parts. It is felt that
instrument performance could not have been affected by
these changes,

One incident, already mentioned in section 3.1.1.2.2 of
this report, namely the sticking of the pendvlum in
accelerometér M-225 is felt to be assoclated wlith the

brass used in capacitance rings. Sticking of the pendulum
has been observed on rare occasions in other programs and
may, if not caused, at least be accelerated by temperature
sterilization, In former cases a very.slight cutgrowth

on the capacitahée rihgs was'dbsefved, and this outgrowth
is believed to be dve to the impurity of the brass; removal
of the outgrowth has remedled the sticking situation,

There is also the possibility that the sticking is caused
by a deposit on the capacitance rings., Actually, no
such deposit has been seen on the capacitance‘rings of

the two accelerometars of orizginal design that were subjected

to temperature sterilization, Further, it is felt that the
introduction of JPL preferred nonmetallic materials will
reduce the tendency - if 1t ever existed -~ of the formation
of deposits, For this reason, enphasis is placed on the
metal side of the investigation. '
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_to_apply surface.protection to the brass capacltance

" the pick-off surface of each capacitance ring is machined

.surface protectlon. Care would have to be taken to assure

Efforts are underway in a company funded program to
avold the sticking of the pendulum by making the
capacltance rings out of titanlium rather than brass,

Two accelerometers have been equipped with titanium °
capacitance rings. However, a problem arose, namely

to pfoduce a proper coﬁnection of the capacitance leads
to the capacitance rings. This problem has not yet been
solved,

Instead of using titanlum, it is contemplated in the
immediate application to the sterilizable accelerometer

rings. This involves new steps in the accelerometer
assembly procedure, These new steps are explained below:

In the magnet housing-capacitance ring assembliés of the
standard Model .VII accelerometers, the distance betuween
the~p1ck;ofr surface of the capacitance ring and the
reference surface of the mégnet housing 1s controlled withi
+ 50 mlicro inch, In order to obtain this high accuracy,

while the capacitance ring is installed in the magnet
housing. It is after this machinlng operation that the
surface protection would have to be applied to the capacl-
tance ring. Removal of the capacitance ring from the
magnet housing is felt to be mandatory for the process of

that‘ih the process df re~-assembly, the plck-off-surface of]
the capacitance rings 1s restored accurately to ifs positio
after machining., A procedure to obtain this resuvlt has
been established: the three Jewel washers used as spacers
between the capacitance ring and the magnet housing are
bonded to the magnet housing, e.g., by means of an epoxy,
so that thelr position does not change when the capacitance
ring is removed. In accelerometers of present deslgn,

£l

&
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phases: [first, the ldentification of an adequate surface

" assembly procedure described above to an actual magnet

~The first types of surface protection experimented with
- were products of the Hanovia ILiquid Gold Division of

the Jjewel spacers are held in position by friction only.
The capacltance rings on standard Model VII accelerometers
are not removed after machining of the pick-off surface,
When the suggested procedure of removal and re-assembly

is applied, it will evidently be necessary to re-inspect
the magnet housing-capacitance ring assembly to assure
proper positioning of the pick-off surface.

The‘corresponding development program was performed during
the fourth quarterly reporting period. It involved two

protection procedure; second, the application of the

housing -~ capacitance ring assembly. In both phases the
effects of temperature sterilization were evaluated,

Engelhard Industries, Inc. namely:

‘Liquid Bright Gold Number 6854 and
Liquid Bright .Platinum . . Number 05

The results obtained on the brass capacltance rings were
not satisfying., The flulds were'applied by brush, After
firing the coating was found to be uneven and bright only
in limited areas. Since even coating is essential to
maintain the proper position of the pick-off surface after

4

re-installation of the capacitance ring, these efforts
were discontinved,

Next, a chromating process was applied rendering an even
shiny surface which will readily accept 60/ﬂ0 SN 60 solder.

Further, a process of electroless gold plating was used,

The chemicals were obtained from Technic, Ine, The process
18 designated as Oromerse, Immersion 24 KT Gold. According
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- to information from the supplier, a coverage of 3 p inch

builds up in about 15 minutes, Further submersion adds
only very little to the film thickness. Two capaclitance
rings were accordingly treated and placed into an oven
at 275°F where they remained for 360 hours, . -.

It may be mentloned that the capacltance rings used fof
the above experimentation were parts which, in other
programs, had been rejected for being dimensionally out
of speciflcation,

The chromated parts and the parts plated with Oromerse

were subjected to temperature sterilization, The chromated
‘parts were found to be discolored to a dull dark brown.

The two capacitance rings treated with Oromerse appeared
unaffected by temperature sterilization; thelr surfaces
looked bright and shiny.,

The complete assembly procedure involving the bonding

‘of the Jewel spacers to the magnet housing, removal
of the capacitance ring and re-assembly after surface

protection of the capacitance ring was tried out on

a subassembly comprising the magnet housing with the
serlal number S-40B. The surface treatment involved
was electroless gold plating, Oromerse, The rebuilt
subassembly was put into a temperature sterilizatibn
cycle,

‘Four sets of measurements -. each comprising three points

- were taken to determine the position of the pick-off
surface wlith respect to the reference surface of the
magnet housing: a first set providing reference values;
a second set after bonding of the jewel spacers to the
magnet housingz, whereby the capacitance ring still
remained attached to the magnet housing and, finally, a
third set after re-installation of the surface treated

capacitance ring. A fourth set was taken after the temper-

ature sterilization cycle was completed.
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Table 4 PICK-OFF SURFACE DROP READINGS
——n = 1
Checkpoint || Set No. 1| Set No. 2 | Set No. 3 | Set No. 4
a .08137 .08141 .08140 .08135
b .08135 .08138 ,08145 .08136
c .08145 08145 .08145 .08145

Set No. 1 Initial measurements after machining of pickoff

surface.

Set No. 2 After Bonding of jewel gspacers to magnet houeing.

After set No. 2 of readings is taken, the capacitance ring is
removed from the magnet housing. After surface treatment the
capacltance ring is re-installed 1n the magnet houeing.

Set No. 3 After re-installation of capacitance ring.

Set No. 4 After temperature sterilization (on experimental

test samples only. Does not apply to deliverable
accelerometers).
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initial position according to Set #l. This could be due to]

- the pick-off surface locatlon was out of specification.

.accelerometer of which the magnet housing-capacitance
. ring assembly formed a part was subjected to a temperature .

The three points at which the position of the plck-off
surface with respect to the reference surface of the
magnet housing was measured are shown in Figure 1, page
4g. The results are listed in Table 4,

As was to be expected,'the bonding of the Jewel spacers
to the magnet housing did not very much affect the position
of the pick-off surface as a comparison of the results of
Set #2 to those of Set #1 shows. 'After re-installation
of the capacitance ring, Set #3, the pick-off surface was
found to be about 40 m inch (average) lower than in its

minute pérticles settled between the shoulder surfaces of
the capacitance ring and the Jewel spacers. Uneven coating
of the capacltance rihg is ruled out because the film
thickness should not exceed 3 p inch,

The drop from the magnet housing reference surface to fhe
pick-off surface is to be within the limits of .0814"
and ,0815", It appears that in the position of Set #1

by 30 p inch at 2 points (both points are too high). The
original inspection record dated 1-12-1965 indicated a low
point with a drop of ,08150" and a high point with a drop
of ,08145", The difference between the two sets of readingp
is not explained, It should, however, be noted that the

sterllization cycle between the two sets of measurements,
After re-installation of the capacitance ring the drop is
within specification which, however, appears to be
incidental, as is indicated by the readings Set No., 4, take
after temperature sterllization, which show that the
capacitance ring has, for all practical purposes, regalned
the position 1t had before the procedure was started (see

Set #1).
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It is intended to apply the above procedure, involving
Oromerse protection or equivalent, to the dellverable
accelerometer,
4, EElectronic Assembly

3The main efforts in the area of the electronlc assembly were

directed toward the definition of a configuration expected to
withstand temperature sterilization. The defining stage culmina-
ted in a design review, which was followed by parts procurement
and the bulldingz of prototypes of the bridge transformer as well
as of improved electronlic assemblies of which one was completed
and a second lacking only a varlable capacitor

Expefiﬁehtatien'invbl%ing tempefature sterilization has not

yet been performed on the 1mproved electronic assembly or on
subassemblies, Unexpected difficulties were encountered with the
variable capacitors, Of four delivered, two were broken during
Installation and 1t was decided not to use any of the four in’
this program, Delivery of new parts is not expected before late
August 1967. The only complete electronic assembly was provided
with a variable capacitor transferred from the LEM Progranm.,

An electronic assembly of original design, E7, falled in tempera-

ture sterilization (360 hours at 275°F); the collector resistor

and the transformer were found to be damaged.
The design review mentioned above represents a major part of the
work performed in the area of the electronic assembly., It goes

“AInto very much detail, covered.in 50 pages.  The following 1s

intended to give a short summary,

4,1 Design Review

For full details see Qu.R.3, pages 19 thru 68,

The deslgn review covers mainly those areas requiring re-
design in order to meet the JPL Sterilization Requirements.
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It describes the basic design of the electronic assembly,
the maln components of which are listed on page 20. They

the upper half fixed bridge capacitors, the pick off
transformer and the preamplifier.

41,1

45). Pages 35 through 45 are dedicated to a picdtor-

‘mance characteristics are discussed on pages 23
. through 27. A unique feature of this transformer

_the_heavy Isonel type 155 1nsu1ation is replaced

Fixed Bridge Capécitors

The criterlia for selection of these components are
explained on pages 21 and 64, Besides the capability
of withstanding temperature sterilization, these
capacitors have to be selected for very close track-
ing characteristles, particularly in temperature
coefficlents, ' '

Pickoff Transformer

This transformer has received very detailed
coverage in the design reviews (see pages 23 through

ial description of the manufacturing steps, Perfor-

is 1ts center tap primary which i1s incorporated to
bleed static charges of the capacitance rings to
ground by means of a bleeding resistor. The
reasons why thls design is felt to be preferable
to a configuration applying two bleeding resistors
are glven on page 27.

In way of materials replacement, the electrical tape
#27 (3M) formerly used is replaced by Mystik Tape
7020 (1listed on page 28 of JPL Spec. WR 500304);

by the heavy Isonel type 200 insulation on the
magnet wire; the potting compound Stycast 2850FT
wlll be used wilth catalyst #11 rather than the
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catalyst #9 as 1listed on page 14 of JPL Spec,
WR 500304, Performance specifications before and
after potting are given on page 32,

- Program Schedule

At the end of the third quarterly reporting period, the program
was reported slipped for about 3 weeks. The slippage has ‘
increased to atout 3 months at time of reporting due to the
sticking of the pendulum and the accidental breaking of the
springs'in accelerometer M-225 during the evaluation of the
Scotchweld EC-2258 epoxy. Not only did the accelerometer have
to be rebuilt with new springs but the flip-flop soak test
performed before the springs were'broken-had'td be repeated,
The tasks stlll remalning to be performed in the program are
the establishment of the final configuration of the deliverable
accelerometer, the bullding and testing of the same acdording
to Article 1, Section (a) (4) of the Contract No. 951492,
Coincidentalhwith the above delays, readjustment of schedvling
and immediate work objectives has been accomplished leading
toward the recognition of the expanded scope of work as outlined
in the recently negotiated amendment to .the contract,




